1. Introduction {#sec1-jcm-09-02547}
===============

Chronic obstructive pulmonary disease (COPD) is major global health burden contributing to 3.2 million deaths annually \[[@B1-jcm-09-02547]\]. It is characterized by persistent airflow limitation that interferes with normal breathing and causes respiratory symptoms \[[@B2-jcm-09-02547]\]. Long-acting bronchodilators are the cornerstone in the pharmacologic treatment of symptomatic COPD patients, which are recommended as the first-line maintenance therapy to reduce symptoms and improve exercise tolerance and quality of life. Meanwhile, inhaled corticosteroids (ICSs) are reserved for patients with frequent exacerbations or one or more hospitalization due to COPD exacerbation \[[@B2-jcm-09-02547]\].

Contrary to treatment recommendations, real-world studies demonstrated the overuse of ICS even in COPD patients with mild to moderate disease \[[@B3-jcm-09-02547],[@B4-jcm-09-02547],[@B5-jcm-09-02547]\]. Despite a trend of a reduction in initial ICS prescriptions over time, ICS-containing therapy still accounted for approximately half the initial prescriptions in 2015 in the United Kingdom \[[@B6-jcm-09-02547]\]. A large United States claims database study also revealed that most (75%) COPD patients receiving triple therapy had mild or moderate disease \[[@B5-jcm-09-02547]\] and almost half of the COPD patients using ICS did not exhibit features indicative of ICS usage in 2017 from the nationwide multicenter cohorts in South Korea \[[@B7-jcm-09-02547]\]. Furthermore, among patients prescribed with triple therapy, 25% progressed to receive triple therapy within 1 year after the diagnosis and more than 50% did so within 3 years, irrespective of the COPD severity \[[@B4-jcm-09-02547]\].

Recently, the combination of long-acting muscarinic antagonist (LAMA) and long-acting beta2-agonist (LABA) fixed-dose combinations (FDCs) therapy was introduced and the combined use of two bronchodilators with different mechanisms is considered an effective strategy to optimize bronchodilation in COPD with a tolerable safety profile \[[@B8-jcm-09-02547]\]. Most studies showed that LAMA/LABA FDCs therapy is more effective than LAMA or LABA monotherapy or ICS/LABA in terms of an improvement in lung function, although there were variable magnitudes of benefit regarding the improvement of dyspnea, quality of life, and prevention of exacerbation across studies \[[@B9-jcm-09-02547],[@B10-jcm-09-02547],[@B11-jcm-09-02547],[@B12-jcm-09-02547],[@B13-jcm-09-02547],[@B14-jcm-09-02547],[@B15-jcm-09-02547],[@B16-jcm-09-02547],[@B17-jcm-09-02547]\]. In addition, the risk of pneumonia is lower in LAMA/LABA FDCs than ICS-containing inhaler regimens \[[@B17-jcm-09-02547],[@B18-jcm-09-02547]\]. Despite these clinical benefits, data investigating the treatment evolution from LAMA/LABA FDCs therapy to ICS-containing therapy are scarce \[[@B19-jcm-09-02547],[@B20-jcm-09-02547]\]. Therefore, the aim of this study was to assess the rate of ICS-containing therapy from LAMA/LABA FDCs and to investigate the factors associated with ICS addition in this new era of double bronchodilator therapy \[[@B21-jcm-09-02547]\].

2. Materials and Methods {#sec2-jcm-09-02547}
========================

2.1. Study Population {#sec2dot1-jcm-09-02547}
---------------------

This was a retrospective cohort study of COPD patients identified from the COPD Lung Evolution (CLUE) Registry between October 2015 and March 2019. The CLUE registry is a database of COPD patients' records at the Samsung Medical Center (a 1979-bed referral hospital with 11 pulmonary specialists in charge of the outpatient clinic in Seoul, South Korea) that contains routinely collected anonymized data of patient demographics, comprehensive clinical parameters, laboratory and imaging studies, and prescriptions. COPD is defined as post-bronchodilator forced expiratory volume in 1s (FEV~1~)/forced vital capacity (FVC) ratio \<  0.7, and patients with current asthma are excluded from the CLUE registry.

For the present study, 782 COPD patients aged 40 years or older were identified from the CLUE cohort and 376 patients who initiated LAMA/LABA FDCs during the study period were included. Patients who had been prescribed ICS at the time of LAMA/LABA FDCs initiation (N = 45), those without post-bronchodilator spirometry measurement at the time of LAMA/LABA FDCs initiation (N = 28), and those who were referred back to another hospital (N = 10) were excluded. In addition, patients with a self-reported asthma history (N = 27) were excluded. The final sample included 266 patients. The Institutional Review Board of Samsung Medical Center approved the study protocol (No. 2019-09-071-001) and waived the requirement for obtaining informed consent.

2.2. Double Bronchodilators {#sec2dot2-jcm-09-02547}
---------------------------

Double bronchodilator therapy with LAMA/LABA FDCs included aclidinium/formoterol (340mcg/12mcg), glycopyrronium/indacaterol (110mcg/50mcg), umeclidicium/vilanterol (62.5mcg/25mcg), and tiotropium/olodaterol (2.5mcg/2.5mcg), which are available in South Korea.

2.3. Data Collection and Measurements {#sec2dot3-jcm-09-02547}
-------------------------------------

Data obtained from the CLUE cohort database included age, sex, smoking history, body mass index (BMI), modified medical research council (mMRC) dyspnea scale, COPD assessment test (CAT) score, self-reported history of asthma, medication history including previous ICS prescription or patient-reported ICS use in the past, history of acute exacerbation, and comorbidities. Moderate exacerbation was defined as an outpatient clinic visit, while severe exacerbation was defined as hospitalization or an emergency room visit owing to one or more of the following: Worsening of dyspnea, increased sputum volume, and purulent sputum. Laboratory results included blood eosinophil counts and total immunoglobulin E (IgE). In some patients under suspicion of type 2 inflammation signatures, fractional exhaled nitric oxide (FeNO) was further conducted according to the American Thoracic Society (ATS) \[[@B22-jcm-09-02547]\], using an NO analyzer (NIOX MINO, Aerocrine AB, Solna, Sweden) or NObreath (Bedfont Scientific, Maidstone, UK).

Spirometry and the diffusing capacity for carbon monoxide (DLco) measurements were performed using Vmax 22 (SensorMedics, Yorba Linda, CA, USA) according to the ATS/European Respiratory Society criteria \[[@B23-jcm-09-02547],[@B24-jcm-09-02547]\]. Absolute values of FVC, FEV~1~, and DLco were obtained, and the percentage predicted values (% pred) of FVC, FEV~1~, and DLco were calculated using data obtained from a representative Korean sample \[[@B25-jcm-09-02547],[@B26-jcm-09-02547]\]. A positive bronchodilator response was defined as a post-bronchodilator increase in FEV~1~ of at least 12% and 200 mL from the baseline value \[[@B27-jcm-09-02547]\].

2.4. Outcome {#sec2dot4-jcm-09-02547}
------------

The primary endpoint was the addition of ICS, as escalation to triple therapy (ICS/LAMA/LABA) or a switch to ICS/LABA from LAMA/LABA FDCs therapy. Triple therapy in a single inhaler is not yet commercially available in Korea, thus patients received triple therapy in two separate inhalers. The index date was defined as the first date on which the patient received LAMA/LABA FDCs, and the date of ICS addition or the date of the last visit without ICS addition were collected. The development of two or more exacerbations was also identified.

2.5. Statistical Analysis {#sec2dot5-jcm-09-02547}
-------------------------

Data are expressed as the number (%) for categorical variables and mean (standard deviation) for continuous variables. Categorical variables were compared using the Pearson chi-square test or Fisher's exact test, and continuous variables were compared using Student's t-test. To estimate the rate of ICS addition after initiation of double bronchodilator therapy, the Kaplan--Meier method was used. Hazard ratios (HRs) and 95% confidence intervals (CI) for the risk of ICS addition were calculated using the Cox proportional-hazard model. Multivariable analysis for ICS addition included clinically important variables or statistically significant variables in the univariate analysis: Age, sex, smoking history (never vs. ever), BMI (\< 21 vs. ≥ 21 kg/m^2^), dyspnea (mMRC ≥ 2 vs. \< 2), previous ICS use, exacerbation in the previous year, COPD severity (global initiative for chronic obstructive lung disease (GOLD) grade 1,2 vs. 3,4), positive bronchodilator response, and eosinophil count ≥ 300 cells/μL. FeNO was not included in the model since it was measured in only 59 patients. In addition, multivariable logistic regression was used to investigate the factors associated with the development of frequent exacerbations (≥ 2 moderate or severe exacerbations) during double bronchodilator therapy.

All tests were two-sided, and *p*-values \< 0.05 were considered significant. All analyses were performed using Stata software (ver. 14.0; Stata Corporation, College Station, TX, USA).

3. Results {#sec3-jcm-09-02547}
==========

3.1. Baseline Characteristics and Laboratory Findings of the Study Population {#sec3dot1-jcm-09-02547}
-----------------------------------------------------------------------------

[Table 1](#jcm-09-02547-t001){ref-type="table"} shows the baseline characteristics of the study population. The mean age was 70.8 years, and most patients were men (92.1%) and smokers (91.0%). Never-smokers constituted 9% of the total study population. Among them, 12 patients had a previous history of pulmonary tuberculosis or bronchiectasis and 7 patients had a history of biomass exposure. Of the total, 110 (41.4%) patients had an mMRC dyspnea grade ≥ 2 and 193 (72.6%) had a CAT score ≥ 10. For 56 patients who had previously used ICS, the mean ICS duration was 825 days and the mean days from ICS discontinuation to initiation of LAMA/LABA FDCs therapy was 233 days. Most patients (43/56, 76.8%) discontinued ICS (with or without ICS dose tapering) before double bronchodilator therapy, while the remaining 13 patients (23.2%) used ICS remotely and were treated with monotherapy with either LAMA (N = 9) or LABA (N = 4) before initiating double bronchodilator therapy.

Patients who had added ICS (N = 47) were more likely to have a dyspnea of mMRC ≥ 2 (61.7% vs. 37.0%, *p* = 0.002) at the start of double bronchodilator therapy and previously used ICS (36.2% vs. 17.8%, *p* = 0.005), compared to those without ICS addition. Patient who experienced an exacerbation in the year prior to LAMA/LABA FDCs initiation were also more likely to have ICS addition (57.5% vs. 24.2%, *p* \< 0.001). As shown in [Table 2](#jcm-09-02547-t002){ref-type="table"}, post-bronchodilator FEV~1~ was significantly lower in the patients who had added ICS than in those who did not. A positive bronchodilator response, the blood eosinophil count, and total IgE did not show significant differences between the groups, while FeNO was higher in patients who added ICS (41.5 ppb vs. 25.9 ppb, *p* = 0.005).

3.2. Treatment Change to ICS Addition from LAMA/LABA FDCs Therapy {#sec3dot2-jcm-09-02547}
-----------------------------------------------------------------

In the median follow-up period of 12.4 (interquartile range, 5.6--22.2) months, 47 (17.7%) patients added ICS, 204 (76.7%) maintained LAMA/LABA FDCs therapy, and 15 (5.6%) de-escalated to monotherapy. Among the 47 patients who added ICS, 38 (14.3%) escalated to triple therapy and 9 (3.4%) changed to ICS/LABA ([Figure 1](#jcm-09-02547-f001){ref-type="fig"}).

As shown in [Figure 2](#jcm-09-02547-f002){ref-type="fig"}A, only 13.5% and 23.2% patients had added ICS at 12 and 24 months after initiating double bronchodilator therapy. Among those who maintained LAMA/LABA FDCs therapy for more than 90 days, 8.0% and 18.4% added ICS at 12 and 24 months, respectively ([Supplementary Figure S1](#app1-jcm-09-02547){ref-type="app"}). When patients were divided according to study periods (those who started double bronchodilators before and after January 1, 2017, respectively), we found the trend of ICS addition was not different between the two groups (log-rank *p* = 0.071, [Supplementary Figure S2](#app1-jcm-09-02547){ref-type="app"}).

3.3. Clinical Factors Associated with ICS Addition after Initiation of LAMA/LABA FDCs Therapy {#sec3dot3-jcm-09-02547}
---------------------------------------------------------------------------------------------

In multivariable models, dyspnea at baseline (mMRC ≥ 2) (adjusted HR \[aHR\], 3.38; 95% CI, 1.73--6.63), previous ICS use (aHR, 2.04; 95% CI, 1.00--4.15), and exacerbation in the previous year (aHR, 3.97; 95% CI, 2.13--7.40) were independently associated with the risk of ICS addition after initiation of LAMA/LABA FDCs therapy ([Table 3](#jcm-09-02547-t003){ref-type="table"}).

In the Kaplan--Meier analysis of ICS addition according to previous exacerbation, dyspnea at baseline, and previous ICS use ([Figure 2](#jcm-09-02547-f002){ref-type="fig"}B--D, respectively), most patients without these risk factors did not add ICS at 12 or 24 months, which showed a marked difference from those who had any of these factors (log-rank *p* \< 0.05 in all comparisons).

In the sensitivity analysis in 108 treatment-naïve patients ([Supplementary Table S1](#app1-jcm-09-02547){ref-type="app"}), only the exacerbation history in the previous year retained a significant association with ICS addition (aHR, 11.57; 95% CI 3.24 -- 41.38). When ICS withdrawal before double bronchodilator therapy (N = 43) was included in the multivariable analysis instead of the entire previous ICS use ([Supplementary Table S2](#app1-jcm-09-02547){ref-type="app"}), a stronger association between ICS withdrawal and the ICS addition after initiation of LAMA/LABA FDCs therapy (aHR, 2.70; 95% CI 1.32--5.53) was observed.

3.4. Clinical Factors Associated with Frequent Exacerbations During LAMA/LABA FDCs Therapy {#sec3dot4-jcm-09-02547}
------------------------------------------------------------------------------------------

During LAMA/LABA FDCs therapy, 26 (9.8%) patients experienced ≥ 2 moderate or severe exacerbations, which were more prevalent in patients with ICS addition than in those without ICS addition (31.9% vs. 5.0%, *p* \< 0.001). Among 26 patients, 5 had severe exacerbations and 21 had moderate exacerbations. As shown in [Table 4](#jcm-09-02547-t004){ref-type="table"}, the dyspnea at baseline (mMRC ≥ 2) (adjusted odds ratio \[aOR\], 2.64; 95% CI, 1.03--6.74) and history of exacerbation in the previous year (aOR, 5.28; 95% CI, 2.16--12.92) were associated with the development of ≥ 2 exacerbations during LAMA/LABA FDCs therapy.

4. Discussion {#sec4-jcm-09-02547}
=============

In the present study, among 266 COPD patients with double bronchodilator therapy of LAMA/LABA FDCs, we found that 87% of patients maintained bronchodilator therapy without adding ICS at 12 months and 77% of patients persisted with bronchodilator therapy without adding ICS at 24 months. Particularly, among those who had not used ICS prior to LAMA/LABA FDCs initiation, 81% remained without ICS addition until 24 months. Factors associated with ICS addition were exacerbation in the previous year, dyspnea of mMRC ≥ 2 at baseline, and previous ICS use before LAMA/LABA FDCs therapy. Especially, exacerbation in the previous year and dyspnea of mMRC ≥ 2 at baseline were associated with the development of frequent exacerbations during LAMA/LABA FDCs treatment, which might lead to ICS addition following LAMA/LABA FDCs.

In our study, the proportions of ICS addition (escalation to triple therapy in most cases and change to ICS/LABA in some cases) within 12 and 24 months of commencing LAMA/LABA FDCs treatment were 14% and 23%, respectively, which were lower than the results from previous studies that investigated the escalation to triple therapy from ICS/LABA or LAMA. In a previous study based on a United Kingdom primary setting, 26.8% of the patients who started with LAMA monotherapy progressed to triple therapy within 12 months \[[@B28-jcm-09-02547]\]. Likewise, in a study using the United States health care claims data, more than 50% of patients who used LAMA monotherapy (median 244 days) or the ICS/LABA combination (median 281 days) progressed to triple therapy within 12 months \[[@B20-jcm-09-02547]\]. In a recent study published after LAMA/LABA FDCs became available, patients receiving LAMA/LABA FDC (umeclidinium/vilanterol) were at a lower risk of progression to triple therapy than those receiving LAMA (tiotropium), with a longer mean time to triple therapy (6.5 vs. 5.6 months) \[[@B19-jcm-09-02547]\], but this study lacked data for symptoms and lung function because of the nature of claims data. Taken together, escalation to triple therapy could be delayed in COPD patients receiving the LAMA/LABA FDCs in this new era of double bronchodilator therapy.

We further investigated the baseline factors associated with ICS addition after LAMA/LABA FDCs therapy and found that exacerbation in the previous year strongly influenced ICS addition. This result is in line with a previous study \[[@B4-jcm-09-02547]\] and a history of exacerbations is a well-known factor predicting future exacerbations \[[@B29-jcm-09-02547]\]. Furthermore, in our study, patients with more severe dyspnea, indicated by an mMRC grade ≥ 2 at baseline, were prone to adding ICS during LAMA/LABA FDCs therapy. In a post hoc analysis of the large-numbered clinical trial, a higher mMRC grade at baseline was associated with the future exacerbation risk in a dose-dependent manner, especially when mMRC ≥ 2 \[[@B30-jcm-09-02547]\]. Another analysis using four RCTs also showed a significantly decreased risk of exacerbations with triple therapy as compared with double therapy with LABA/LAMA in symptomatic patients \[[@B31-jcm-09-02547]\], which was persistent even in the subgroup analysis, with less than one exacerbation in the previous year \[[@B32-jcm-09-02547]\]. Considering that dyspnea perception is enhanced in patients with frequent exacerbation and blunted in those with infrequent exacerbations \[[@B33-jcm-09-02547]\], addition of ICS having an anti-inflammatory effect in COPD patients could influence the perception of dyspnea with a reduction of future exacerbations \[[@B34-jcm-09-02547],[@B35-jcm-09-02547]\]. Indeed, our study showed that these clinical factors (previous exacerbation and dyspnea) were also associated with the development of frequent exacerbation during double bronchodilator therapy. Frequent exacerbations, in turn, might have strongly influenced the treatment decision of ICS addition. Thus, when double bronchodilators are selected as an initial therapy in COPD patients, the possibility of ICS addition afterwards should be considered in those with exacerbations in the previous year or dyspnea at baseline.

Patients who previously used ICS were more likely to have ICS addition during LAMA/LABA FDCs therapy as well. Indeed, 22% of the patients with previous ICS use eventually received ICS again within 12 months of LAMA/LABA FDCs commencement. However, previous ICS itself was not associated with the development of frequent exacerbation during double bronchodilator therapy in our study. When we further looked into the data, among 56 patients with previous ICS use, most patients (n = 43) had ICS withdrawal just before double bronchodilator therapy and the remaining 13 patients had used ICS in the past but were receiving monotherapy ahead of double bronchodilator therapy. The sensitivity analysis showed a stronger association between ICS withdrawal and the ICS addition than the analysis using any ICS use in the past ([Supplementary Table S2](#app1-jcm-09-02547){ref-type="app"}), suggesting that the decision of ICS addition during double bronchodilator therapy might have been affected by the physician's tendency to restart ICS. Moreover, 27 out of 43 patients (62.8%) maintained LAMA/LABA FDCs therapy (n = 26) or even de-escalated to monotherapy (n = 1). Thus, ICS withdrawal can still be considered in patients who have no apparent indications for ICS \[[@B36-jcm-09-02547],[@B37-jcm-09-02547]\], with close monitoring required for patients who previously used ICS.

The Global Initiative for Chronic Obstructive Lung Disease 2019 report recommended using the absolute blood eosinophil count with a threshold of 300 cells/μL as a guide for ICS use in stable COPD patients having exacerbations \[[@B38-jcm-09-02547]\]. In our study, 15% of the patients had an eosinophil count ≥ 300 cells/μL when they commenced LAMA/LABA FDCs therapy. However, there was no significant difference in the blood eosinophil count between the patients who had added ICS and those who had not, in line with the FLAME study. In FLAME study, 80% of patients had one moderate exacerbation and 20% of those had ≥ 2 moderate exacerbations in the previous year, and the LAMA/LABA FDC therapy was more effective in exacerbation prevention compared to ICS/LABA, irrespective of the blood eosinophil count \[[@B39-jcm-09-02547]\]. However, this was inconsistent with the IMPACT study \[[@B40-jcm-09-02547]\], which had 71% of COPD patients with ≥ 2 moderate or ≥ 1 severe exacerbations in the previous year, and showed that a high blood eosinophil count was associated with the benefit of triple therapy over double therapy. Given that 70% of our study population had no history of exacerbation in the previous year, the characteristics of the study population might affect the role of eosinophil levels in predicting the response to ICS. Regarding FeNO, another measurement of eosinophilic airway inflammation, its utility is still unclear in COPD, unlike asthma. In our study, FeNO was measured in 59 out of 266 patients and its level was higher in patients who added ICS than those who maintained LAMA/LABA FDCs therapy. However, given that FeNO was measured in only 22% of our study population, more evidence is needed to clarify the role of FeNO for ICS addition in COPD patients with LAMA/LABA FCDs therapy.

Lastly, as the GOLD 2017 report updated the overall management of COPD with only respiratory symptoms and exacerbations for COPD assessment, subgroup analysis was conducted with two groups (those who started double bronchodilators before and after January 1, 2017, respectively) and we found the trend of ICS addition did not differ by study periods ([Supplementary Figure S2](#app1-jcm-09-02547){ref-type="app"}). As shown in [Table 3](#jcm-09-02547-t003){ref-type="table"}, ICS addition was not associated with baseline FEV1 \<50% (GOLD grade ≥ 3), but it was associated with patients' symptoms and exacerbation history. In this regard, the trend of ICS addition may not have been influenced by the change in the GOLD 2017 report.

There are potential limitations to this study. First, this was a retrospective cohort study conducted at a single-referral hospital, which could limit the generalizability of our results. Furthermore, all study subjects were prescribed with LAMA/LABA FDCs without ICS at baseline, and those who initiated or continued with the ICS-containing regimen were not included in this study. Therefore, the findings of our study cannot be generalized as the outcome of LAMA/LABA FDCs therapy in the entire COPD population. Secondly, we could not make a comparison with monotherapy or ICS/LABA for the duration of the treatment maintenance before ICS addition. However, the duration of LAMA/LABA FDCs cannot be evaluated in randomized controlled studies because randomized medications have to be used until the end of the study unless participants dropped out from the trial. In addition, comparative studies using health care claims data lacked data regarding the reasons for ICS addition due to the nature of claims data \[[@B19-jcm-09-02547],[@B20-jcm-09-02547]\]. Thus, our study reflecting the real-world practice of COPD would be informative to clinicians who will initiate LAMA/LABA FDCs. Finally, when we analyzed the lung function change during LAMA/LABA FDCs therapy, patients who added ICS showed a greater mean annual FEV~1~ decline (mL/year) compared to those who maintained bronchodilators, which did not reach the statistical significance ([Supplementary Table S3](#app1-jcm-09-02547){ref-type="app"}) even after adjustment for the same variables in [Table 4](#jcm-09-02547-t004){ref-type="table"}. However, the mean follow-up in our study was 12 months, which is relatively short to evaluate lung function change. Prospective studies with a longer follow-up duration and long-term clinical outcomes, such as lung function decline, are necessary to confirm our findings.

5. Conclusions {#sec5-jcm-09-02547}
==============

Double bronchodilator therapy with an LAMA/LABA FDCs could be well-maintained in stable COPD patients. However, patients with exacerbation in the previous year, dyspnea of mMRC ≥ 2 at baseline, and previous ICS use before LAMA/LABA FDCs therapy should be closely approached and monitored with initiation of LAMA/LABA FDCs therapy without ICS.
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The following are available online at <https://www.mdpi.com/2077-0383/9/8/2547/s1>, Figure S1: Kaplan-Meier curves for ICS addition in 234 patients who maintained LAMA/LABA fixed-dose combinations therapy for more than 90 days; Figure S2: Kaplan--Meier curves for ICS addition in patients who started LAMA/LABA fixed-dose combinations therapy before and after January 1, 2017, Table S1: Clinical factors associated with ICS addition after LAMA/LABA fixed-dose combinations therapy including only treatment naïve patients; Supplementary Table S2. Clinical factors associated with ICS addition after LAMA/LABA fixed-dose combinations therapy; Table S3. Changes in pulmonary function from baseline to the end of LAMA/LABA fixed-dose combinations therapy according to ICS addition afterwards.
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jcm-09-02547-t001_Table 1

###### 

Baseline characteristics of 266 patients according to ICS addition after LAMA/LABA fixed-dose combinations therapy.

  --------------------------------------------------------------------------------------------
                            Total\       ICS Addition (-)\   ICS Addition (+)\   *p*-value
                            (N = 266)    (N = 219)           (N = 47)            
  ------------------------- ------------ ------------------- ------------------- -------------
  Age, year                 70.8 (8.3)   70.7 (8.6)          71.4 (6.8)          0.579

  Sex, male                 245 (92.1)   202 (92.2)          43 (91.5)           0.772

  Smoking status                                                                 0.672

   Current                  93 (35.0)    74 (33.8)           19 (40.4)           

   Former                   149 (56.0)   125 (57.1)          24 (51.1)           

   Never                    24 (9.0)     20 (9.1)            4 (8.5)             

  BMI \< 21 (kg/m^2^)       59 (22.2)    50 (22.8)           9 (19.2)            0.581

  mMRC ≥ 2                  110 (41.4)   81 (37.0)           29 (61.7)           **0.002**

  CAT score ≥ 10            193 (72.6)   155 (70.8)          38 (80.9)           0.160

  Previous ICS use          56 (21.1)    39 (17.8)           17 (36.2)           **0.005**

  Exacerbation \* in the\   80 (30.1)    53 (24.2)           27 (57.5)           **\<0.001**
  previous year                                                                  

  Comorbidities                                                                  

   History of PTB           9 (3.4)      5 (2.3)             4 (8.5)             0.055

   Lung cancer              8 (3.0)      7 (3.2)             1 (2.1)             1.000

   Any                      101 (38.0)   85 (38.8)           16 (34.0)           0.541
  --------------------------------------------------------------------------------------------

Values are mean (standard deviation) or number (%). \* Exacerbation of moderate (hospital visit) or severe (emergency department or hospitalization) degree. BMI, body mass index; CAT, COPD assessment test; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified medical research council; PTB, pulmonary tuberculosis.

jcm-09-02547-t002_Table 2

###### 

Pulmonary function test and laboratory findings of 266 patients according to ICS addition after LAMA/LABA fixed-dose combinations therapy.

  ------------------------------------------------------------------------------------------------------------
                                           Total\          ICS Addition (-)\   ICS Addition (+)\   *p*-Value
                                           (N = 266)       (N = 219)           (N = 47)            
  ---------------------------------------- --------------- ------------------- ------------------- -----------
  Post-bronchodilator spirometry                                                                   

   FVC, L                                  3.35 (0.78)     3.37 (0.75)         3.25 (0.89)         0.314

   FVC, % pred                             80.4 (15.2)     80.6 (14.9)         79.2 (16.6)         0.565

   FEV~1~, L                               1.81 (0.48)     1.86 (0.47)         1.62 (0.51)         **0.003**

   FEV~1~, %pred                           62.5 (13.1)     63.6 (12.6)         57.3 (14.1)         **0.003**

    GOLD grade 1                           21 (7.9)        20 (9.1)            1 (2.1)             **0.033**

    GOLD grade 2                           202 (75.9)      168 (76.7)          34 (72.3)           

    GOLD grade 3                           40 (15.0)       30 (13.7)           10 (21.3)           

    GOLD grade 4                           3 (1.1)         1 (0.5)             2 (4.3)             

   FEV~1~/FVC                              54.8 (9.9)      55.5 (9.4)          51.4 (11.6)         **0.009**

   Positive BDR                            54 (20.3)       43 (19.6)           11 (23.4)           0.560

  DLco, % pred (n = 232)                   64.4 (19.7)     65.4 (19.6)         59.9 (19.7)         0.101

   ≥ 80%                                   56 (24.1)       49 (25.8)           7 (16.7)            0.211

   \< 80%                                  176 (75.9)      141 (74.2)          35 (83.3)           

  Blood eosinophil count (/μL) (n = 264)   218.1 (369.1)   217.5 (398.4)       221.1 (166.7)       0.952

   \< 300                                  224 (84.9)      185 (84.5)          39 (83.0)           0.709

   ≥ 300                                   40 (15.1)       34 (15.5)           6 (13.3)            

  FeNO (ppb) (n = 59)                      29.3 (18.1)     25.9 (13.0)         41.5 (27.3)         **0.005**

  Total IgE (kU/L) (n = 223)               235.1 (384.2)   232.4 (371.5)       247.4 (443.0)       0.824
  ------------------------------------------------------------------------------------------------------------

Values are mean (standard deviation) or number (%). COPD severity was classified according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) grading system as GOLD grade 1 (FEV~1~ ≥ 80% predicted), GOLD grade 2 (50% ≤ FEV~1~ \< 80% predicted), GOLD grade 3 (30% ≤ FEV~1~ \< 50% predicted), or GOLD grade 4 (FEV1 \< 30% predicted). BDR, bronchodilator response; DLco, diffusing capacity for carbon monoxide; FeNO, fractional exhaled nitric oxide; FEV~1~, forced expiratory volume in 1s; FVC, forced vital capacity; GOLD, global initiative for chronic obstructive lung disease; ICS, inhaled corticosteroids; IgE, immunoglobulin E; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist.
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###### 

Clinical factors associated with ICS addition after LAMA/LABA fixed-dose combinations therapy.

                                         Univariate Analysis   Multivariate Analysis                       
  -------------------------------------- --------------------- ----------------------- ------------------- -------------
  Age, years                             1.01 (0.98--1.05)     0.460                   0.99 (0.95--1.03)   0.719
  Male sex                               0.88 (0.32--2.46)     0.813                   0.48 (0.09--2.57)   0.392
  Smoking, ever                          1.10 (0.39--3.06)     0.857                   1.64 (0.31--8.68)   0.558
  BMI \< 21(kg/m^2^)                     0.97 (0.47--2.00)     0.927                   0.69 (0.30--1.60)   0.393
  mMRC ≥ 2                               2.31 (1.28--4.16)     **0.005**               3.38 (1.73--6.63)   **\<0.001**
  CAT ≥ 10                               1.69 (0.82--3.50)     0.157                                       
  Previous ICS use                       2.03 (1.12--3.68)     **0.020**               2.04 (1.00--4.15)   **0.049**
  Exacerbation in the previous year \*   3.39 (1.90--6.04)     **\<0.001**             3.97 (2.13--7.40)   **\<0.001**
  GOLD grade ≥ 3 †                       1.80 (0.93--3.47)     0.080                   1.50 (0.73--3.08)   0.268
  DLco \< 80% pred                       1.87 (0.83--4.21)     0.132                                       
  Positive BDR                           1.36 (0.69--2.67)     0.376                   1.66 (0.82--3.38)   0.162
  Blood eosinophil count ≥ 300 (/μL)     0.91 (0.39--2.15)     0.833                   1.14 (0.47--2.77)   0.765

\* Exacerbation of moderate (hospital visit) or severe (emergency department or hospitalization) degree. † GOLD ≥ grade 3 (FEV~1~ \< 50% predicted). BDR, bronchodilator response; BMI, body mass index; CAT, COPD assessment test; CI, confidence interval; DLco, diffusing capacity for carbon monoxide; FEV~1~, forced expiratory volume in 1s; GOLD, global initiative for chronic obstructive lung disease; HR, hazard ratios; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified medical research council.
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###### 

Clinical factors associated with ≥ 2 exacerbations \* during LAMA/LABA fixed-dose combinations therapy.

                                      Univariate Analysis   Multivariate Analysis                        
  ----------------------------------- --------------------- ----------------------- -------------------- -------------
  Age, years                          1.02 (0.97--1.07)     0.543                   1.00 (0.94--1.05)    0.867
  Male sex †                          1.00 (N/A)            N/A                                          
  Smoking, ever                       2.65 (0.34--20.47)    0.350                   3.60 (0.44--29.30)   0.232
  BMI \< 21(kg/m^2^)                  0.27 (0.06--1.17)     0.079                   0.22 (0.05--1.01)    0.052
  mMRC ≥ 2                            2.08 (0.92--4.73)     0.080                   2.64 (1.03--6.74)    **0.043**
  CAT ≥ 10                            1.66 (0.60--4.58)     0.327                                        
  Previous ICS use                    2.17 (0.91--5.18)     0.080                   2.00 (0.74--5.41)    0.170
  Exacerbation in the previous year   5.31 (2.25--12.51)    **\<0.001**             5.28 (2.16--12.92)   **\<0.001**
  GOLD grade ≥ 3 ‡                    1.65 (0.62--4.37)     0.318                   1.38 (0.47--4.07)    0.563
  DLco \< 80% pred                    1.57 (0.51--4.84)     0.429                                        

\* Exacerbation of moderate (hospital visit) or severe (emergency department or hospitalization) degree. † All 26 patients who had ≥ 2 exacerbations were male. ‡ GOLD ≥ grade 3 (FEV~1~ \< 50% predicted). BDR, bronchodilator response; BMI, body mass index; CAT, COPD assessment test; CI, confidence interval; DLco, diffusing capacity for carbon monoxide; FEV~1~, forced expiratory volume in 1s; GOLD, global initiative for chronic obstructive lung disease; HR, hazard ratios; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified medical research council.
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